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THE  STRUCTUHE  AND  CERTAIN  PROPERTIES 
07  QAS^LAMB  COAHNOS 

ft  tiSSR  . 


[Follovdng  is  transiatldi  of  an  article  by  K,  S.  Shlyakpva 
In  the  Russian  language  publication  Knidy  Ihstituta  Metallurgii 
ova  --  M 


^  Works  of  the  Ij^stiute  Of 

Metallurgy  Inlehi  A.  A,  Baykov  MetAllurgy.  Meialluirgical 
SciehOe,  Methods  of  Physico-Chemical  Inn^esHgatiOn) »  Moscovli 
No  10,  1962,  pages  194-201,] 


Protective  coatings  against  corroeion  and  oxidation  at  high  tem¬ 
peratures  can  be  obtained  by  various  methods,  such  as  diffusion,  satura¬ 
tion,  electrodeposition  and  netallizatioi. 

Metallization  is  one  of  the  advanced  methods  used  for  obtaining 
protection  from  oxidation  at  high  taiqperatures ,  especially  at  short 
exposures  to  heat. 

In  this  study,  which  was  made  in  1957»  ges  fired  spray  coatings 
were  used.  The  aims  of  the  experimentation  were  to  determine: 

1)  the  influence  of  heat  treatment  on  the  michrostructure  of  the 
coating  and  on  its  michrohsu^ness; 

2)  the  role  of  undercoating  in  achieving  cohesion  between  the 
coating  and  the  base; 

3)  the  effects  of  vacuum  treatment  on  the  quality  of  the  spray 
coatings: 

4)  comparative  data  on  heat  resistance* 

The  specimens  were  made  of  steel  #3  and  chromiun^nickel  steel  in 
the  form  of  small  cylinders,  12  mm  in  diameter,  25  mm  long  and  tablets 
25  mm  long,  12  mm  wide,  and  3  mm  thick.  Before  spray  coating,  the 
specimens  were  sand  blasted  in  order  to  obtain  a  rough  surface  for 
securing  a  better  cohesion  between  the  coating  and  the  base.  For  the 
coating  we  used  nlchrome,  alloy  #2  and  aluminum  oxide,  Nichrome  and 
alloy  #2  were  used  in  the  form  of  wire  from  twO  to  three  millimeters  in 
diameter,  and  the  aluminum  oxide  in  the  form  of  die  pressed  rods  three 
millimeters  in  diameter. 

After  receiving  the  spray  coating,  the  specimens  were  enclosed  in 
welded  quartz  as^oules,  heat  treated  in  a  silit  oven  at  temperatwes  of 
900,  loop,  1100  and  1200  degrees  centigrade  for  one  to  five  hours  and 
cooled  at  air  temperature.  Experiments  on  heat  resistance  were  made  in 
a  silit  over  at  1100  degrees  for  100  hours  with  interruptions  every  20 
hours  for  weighing  and  inspection  of  the  specimens.  The  heat  resistance 
was  measured  by  the  increase  in  weight  of  the  specimens  expressed  in 
grams  per  square  meter  per  hour. 
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The  5}ffec,t  of  t/no  Heat  .TrwatrrKajt  ca  tr.o  Micros ti’uqturer 
and  Miarc>bai:‘i3na}>g  of  tha-iCaatlng 

The  mo'balliaati’on  coatings  are-  of  a  6cafipl,«x:  atruotur®  and  are 
ooaposed  of  a  lj9.rge  nv.niber  of  stria  il  flat  par  tic  lea  irregularly  super- 
iiiipofled  one  on  tha  other,  ([Notoj]  The  cohesion  between  fiarticlea  of 
the  coating  is  detennined  chiefly  by  the  Molecule  adhesion  between  the 
liquid  and  solijd  particles  an.d  by  the  aottoh  of  these  forpea  after  the 
■aolidiflcation  of  the  liqiuid,  metal) ,  ■  ^ 

Between  la,y(»jps,,of  the  coating',  are  fomKJ, 

The.  distribution  of  oocldea  iri  the  coating.jijsi:' Irre'gulaivX^  figur'e  l)«, 
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Figure  1,  Mlcrostructuros  of  spociineno  of  ohrqmium-nlokel  steel  after 
coating  with  a-  niohrome  60/20;  b-.  alloy  ■if?.;  c-  ^1203*  . 
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ure  2,  Mtox'ostructurea  of  specimens  of  chromium-nickel  steel  -with  a 
nichl'OMO  spra.y  coating  80/20.  Mag,  200  X, 
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Figur*  3,  Ml<jr<>strdotur*s  of  spaclmorie  with  base  of  ehronltw-niokel 
steel.  £jid  coating  of  alloy  #2,  Mag,  200  X, 
a  •  after  spra;f  ooatlngj  b  «  heat  treataont  at  900°  tor  one  hour> 

3  .  heat  treatwont  at  900°  for  five  hourej  d  «.  heat  treatment  at  1000® 
for  one  hour;  o  »  boat  treatmaiit  at  1000®  fca*  five  hours;  f  -  heat 
treatment  at  1100°  for  one  hotir. 


Our  experiments  have  shown  that  the  density  o£  the  m^lUzation 
coating  is  increased  through  subsequent  reheatings  The  coating  changes 
from  poroUs  to  compact  and  the  hardneds  increases  cdn^espondlngly.  The 
effect  Of  a  subsequent  reheating  on  the  miorosti^Cture  at  the  box^der 
layer  differs  depending  on  the  composition  of  the  ooatingi  in  the  case 
of  a  niohrome  coating^  a  subsequent  k^eheetihg  will  produce  a  diffusion 
zone  at  the  boundary  between  the  base  metal  and  the  coating:  in  the  case 
of  a  #2  alloy  coating,  the  reheating  will  result  in  the  formatiem  of  an 
intermediate  layer  (see  figxires  2  and  3)*  The  formation  of  a  diffusion 
zone  or  an  Intermediate  layer  between  the  coating  and  the  base  does  not 
always  act  favorably  on  the  strength  of  the  cohesion  between  the  coating 
and  the  base.  The  alloy,  or  any  other  combination  formed  as  the  result 
of  the  diffusion  in  acco:^ance  with  the  diagram  of  these  materials,  is 
undergoing  changes  with  temperature  variations  and  with  the  length  of 
time. 


The  Effect  of  An  Undercoating  On  the  Quality  of  Cohesion 

It  is  known  that  besides  the  composition  of  the  coating,  many 
other  factors  Influence  the  resistance  to  oxidation,  namely:  the 
preparation  of  the  sturface,  the  chemical  composition  of  the  base,  the 
cohesion  between  the  base  and  the  coating.  The  latter,  in  its  turn, 
depends  on  a  number  of factors .  The  role  of  the  undercoating  is  to  pro. 
vide  a  good  cohesion  with  the  base,  and  that  of  the  principal  coating  is 
to  impart  to  the  piece  characteristics  required  for  its  use. 

In  our  eoeperiments  we  used  aluminum  oxide  for  the  principal  coat¬ 
ing  because  of  its  high  melting  point  and  good  corrosion  resistwee. 
However,  alumin\im  oxide  has  a  poor  surface  wetting  ability.  This  was 
showTi  in  our  experiments  and  was  also  mmtioned  in  other  publications 
(see  bibliographic  reference  2). 

In  order  to  Improve  the  cohesion  between  the  aluminum  oxide  coat¬ 
ing  and  the  base  metal  we  tried  out  a  niohrome  undercoating. 

It  is  known  that  chromium  steels  have  a  high  corrosion  resistance 
due  to  the  formation  of  a  Cr^Oo  oxide  film  on  the  surface.  In  the  same 
way  in  our  case,  a  Cr203  cxide'^film  is  formed  on  the  surface  of  the 
nichrome  undercoating.  It  is  easily  soluble  in  alumx'um  oXide  and  secures 
therefore  a  strong  cohesion  of  the  aluminum  oxide  coating  with  the  base. 

Beside  promoting  cohesion,  this  underooating  serves  as  a  barrier 
impeding  the  diF.Tusion  of  the  base  metal  in  the  coating. 

Heat  Resistance 

As  a  general  rule,  metals  used  in  the  industry  include  gases  such 
as  hydrogen  and  nitrogen.  We  checked  the  effect  of  vacuum  treatment, 
resulting  in  elimination  of  gases,  on  the  heat  resistance  of  the  coatings. 
SpeclmenC  of  steel  #3  coated  with  aluir;lnum  oxide  and  >rlth  a  nichrome 
undorcoating  were  placed  in  a  vacuum  over  type  TW.2  and  heated  to 
1200°  for  two  hours  (vacuum  10*3).  The  specimens  were  then  checked  for 
oxidation.  On  figure  4  are  shown  microstructures  of  specimens  without 


and  «<lth  vaouiuiK  tre&fcawit  ajid  &l»o  thalx*  ^ttloroliardnftaaasj  on.  figwo  ,5  «« 
the  appe&ranoe  &S  tha  speaiaQWs  aftar  i  heat  reoistanoe  teistj  figw© 

S  deMon^tyatea  the  oxu'veg  of  h^t  reoistaniie  of  the  vai-ioas  coatijr^s 
used  In  the  eocpeyiasnta « 


F-5.gure  4*  Miorostruoture  of  .opecij'/ians  (a)  after  spray  coating  and  (b) 
after  va>.uim  troatmcnt  at  1200®  for  tvo  houro,  Mag,  200  X» 


A ;!  it  oax  b«i»  .aeon  from  thes-a  om'-vea,  the  i’ii<3hrt>r5;<e  cc>a.i;tng  ln<-' 
oroa,.ses  the  CKidatlon  reel'jtai'.fte  of  steel  #3  approx imatoly  12 
The  AlpO,!  coating  xidtli  a  ninlircwe  jmdercottting  increases  it  approximstely 
30  tjjaen*  The  vacuum  treatment  atlll  further  improves  the  prctective 
quality  of  the  coixtings, 

Tl'.e  high  resistance  to  axielation  of  vacuum  treated  spec;!®!®^..?  cf 
ateel  #3  c-aated  xdth  Al.;i02  can  probably  be  eccplainod,  ftret^  by  tbs 
selective  avapox-atior.  ox  ehroeilum  and  aluK'<;lnuB  and,  second,  by  the  do-* 
crease  of  liydroger;,  content  in  the  base  aincl  ,in  the  coatijxg  vrl.th  the  rc- 
8u,lting  decrease  of  strcsaea  at  the  boundary  between  the  base,  and  the 
ooatings*  As  tx  result,  the  qxuility  of  oohosten  is  i3ipr«n'€<d  and, 
fore,  the  protective  efficiency  of  the  coating  is  ijicreased* 

Tba  appearhiioe  -of  the  vacuxzm  treated  specimoixs  did  not  change 
after  a  heat  .resisfianao'  test  at  11.00®  dxiring  100  hours.  The  edges,  vd.xich 
fi,:rG  the  waakoat  spot,  of  the  coatinge,  were  not  deiiitrbye.d  by  (tildatlctj. 

The  ijurfaco  Oif  those  speoiner?,:!!  wM/jh  were  not,  oubraittod  to  vacuum 
t.raatm»nt  did  not  always  rejcain  in  s.'^tisfactory  condition  (see  Fig,  5)» 
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Figure  5*  Speclraons  cxf  stoel.  #3  vrt-th  different  eeatlnga*  after  he&t 
reaiatanc©  teat  at  1100®»  a  •  ’/rithout  spray  eo&tlng,  ai“ter  SO  hcrorsj 
b  -  NlCr  coating  i  after  ICO  hours}  o  -  NIjCR  +  Al20’3  ooatlng,  after  iOO 
hours}  d  -  NiCr  +  AI2O2  coating  and  vacuum  treatment,  after  100  hcojirs. 


Figure  6,  Heat  resistance  of  apeolaene  of  steel  with  various  gas- 
flame  spray  coatings}  1  -  NlOr;  2  -  WlCri  3  •  Wifi**  t  Al^O^}  4  -  HlOr 
+  Al20^,  vacuum  treated,  Tsniperature  1100*^, 

Legend!  (a^  Specific  increase  of  weight  in  grams/ square  meters  pmr  hour, 
(b;  Tlmei’  hours. 


Figure  7  shows  radiograma  of  the  surface  of  two  specimens  spray 
coated  with  alurainun  oxide  with  a  niolirome  underooatliig,  after  a  heat 
resistance  test  at  1100®  for  100  hofurs.  One  of  the  specimens  was  vacuum 
treated,  the  other  vi?.8  not; 


'),'he  t‘i«>  ciii?.gra»ui  are  different#  Thwir  ^n.tei?p.rote.tion,  presant'). 
dlfflculfcios’i  to  datomlntojx  whether  the  C'»pound  1»  F’0OCr2O-i,  NlOCr.503, 
NiOAl205»  or  FaOAXpOr.*  However^  it  oar>  'be  aaid  tha't  the  reevslting  atM» 
pound  is  oharactf»'fatio  for  a  lattice  of  the  ,s;oto«?<.  tyj^e. 

In  order  tO'  detendno  the  effect  erf'  the  vacuvjn  treatment  on  the 
fomation  of  a  atoble  oxide  the  aurl'aoois  of  the  two  spec toena  (one 

wlthcrat  vaouwa  treatBjont  and  the  O'th-ar  with  such  treatiaont)  were  chonii-. 
o&lly  analyffl&l,' 


Chain3.cal  Analysis  of  the  Coattoga 


For*  sinalysla  apoctoena  of  coated  steel  #3  with,  an  undor- 

3^ii-ig  nlohroine  coating  xm'e  dieaoi.ved  in  a  50  percent  ooiutlon  and  th® 
precipitate  was  ajia.ljj'aed-.  The  chaaical  coDjpoaitton  is  given  fji  th.a 
table*  The  oompo'^ltlon  or?  tb.o  aolntion  is  not  givon. 

As  it  can  l>e  aeon  fro«i  the  table,  the  vacU'?.m  treated  speciraens 
conta.in  on®  and  <x  lialf  tdinas  noro  Cr*  thx'oo  ttoos  raor®  A1  ana  four  time:? 
leas  Fo  than  the  spooiiaens  whio'h  ware  not  vacuu®,  treatad.  No  nickel  was 
foUBid* 


Coat  in;? 

Und«roco,tiji.g  N3C.r, 
iWiin.  ooatlui?  AloO's 

'W  H...  J/ 


lindarooa'ting  NiCr^ 
main  costing  Al^O-,, 


State  of  the  Cliemioal  ccroposition*  in  percent 

S  pec  toe, ns  ~  ^r :  *'"*  ''  ^ 

After  ho3.t  re., 
distance  test  at 
1100*^,  100  hours, 

ato  cooled,  3*31  17,14  none  4^j.,45 

Vacuum  treated  with 
a  subseq;<i.ent  heat 
resistance  test  at 
1100®,  100  .hcw.r9, 

air  cooled,  5,35  4cl,&5  none  11,70 


fel/  '  ■  '  .  _ _ 

Figure  7,  X»ra.ys  taken  on  the  surface  of  the  epectocmaj  (a)  -  .spray 
coated  with  NiCr  +  (b)  «  after  subsequent  vacuum  treatment. 
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This  stxidy  of  the  chemio&l  analyses  of  the  coatlngSt  of  the  X>rays 
tests,  the  heat  resistance  tests  as  well  as  of  the  microstructiire,  brings 
us  to  the  conclusion  that  as  a  result  of  the  selective  evaporation  of 
chromium  and  aluminum  ^ing  the  vacuum  treatment,  and  of  the  selective 
oxidation  during  the  heat  treatment,  a  compact  oclde  film  is  formed  on 
the  surface.  This  fiimi  Complex  in  its  composition,  impedes  the  process 
of  diffusion  and  thus  |;^ovides  a  strong  defensive  property  to  the  surface. 


Conclusions 


1,  Metallization  is  a  technically  simple  method  of  obtaining 
coatings  of  various  compositions,  simple  or  complex; 

2,  Subsequent  heat  treatment  increases  the  density  of  the  coating, 

3,  Vacuum  treatment  increases  the  oxidation  resistance  of  the 
coating. 
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